Abstract Sandfish (Arctoscopus japonicus) meat and roe were used as natural materials for the preparation of antioxidant peptides using enzymatic hydrolysis. Meat and roe were hydrolyzed using Alcalase 2.4 L and Collupulin MG, respectively. Optimal hydrolysis conditions were determined through the effects of pH, temperature, enzyme concentration, and hydrolysis time on the radical scavenging activity of 1,1-diphenyl-2-picrylhydrazyl (DPPH). The optimal hydrolysis conditions for meat hydrolysate (MHA) obtained via Alcalase 2.4 L treatment were a pH of 6.0, temperature of 70°C, enzyme concentration of 5% (w/ w), and a hydrolysis time of 3 h. The optimal hydrolysis conditions for roe hydrolysate (RHC) obtained via Collupulin MG treatment were pH 9.0, 60°C temperature, 5% (w/w) enzyme concentration, and 1 h hydrolysis time. Under the optimal conditions, the DPPH radical scavenging activities of MHA and RHC were 60.04 and 79.65%, respectively. These results provide fundamental data for the production of antioxidant peptides derived from sandfish hydrolysates.
Introduction
Oxidative stress is closely linked to aging and plays an important role in the development and progression of diseases such as Alzheimer's, cardiovascular disease, neurodegenerative disease, and cancer [1] . Some studies have shown that the hyperproduction of free radicals is a crucial factor in elevating oxidative stress [2] . In addition, oxidative-stress-induced lipid oxidation can cause flavor and texture alterations in food as well as nutrient loss, leading to a reduced shelf-life [3] . Accordingly, many artificial antioxidants such as butylated hydroxytoluene (BHT), butylated hydroxyanisole (BHA), and propyl gallate (PG) are widely used as food additives to preserve food quality. However, artificial antioxidants can induce toxic side effects when ingested. Compared with artificial antioxidants, food-borne natural antioxidants such as antioxidant peptides not only have strong antioxidant activities but are also safer for consumption, with no allergenic or carcinogenic properties. Natural antioxidant peptides have been obtained using various methods, including extraction, synthesis, and enzymatic hydrolysis from products with abundant protein content. Of these, antioxidant peptides obtained via enzymatic hydrolysis have been demonstrated frequently in recent studies [4] [5] [6] [7] . These antioxidant peptides efficiently inhibit free radicals and contribute toward reducing oxidative stress.
Sandfish, Arctoscopus (A.) japonicus, belongs to the order Perciformes and is a cold-water species. It is widely distributed along the east coast of Korea, north central Japan, Sakhalin, and Alaska and usually lives 100-200 m below the ocean surface, partially buried in sand or mud [8, 9] . Sandfish is a much sought after ingredient in Korean food and is usually eaten whole. The demands for roe are increasing yearly, primarily owing to its unique texture, taste, and health benefits. In addition, A. japonicus is rich in protein and has been identified as a source of bioactive peptides in a preliminary study [5] . Nevertheless, further study on the hydrolytic conditions for antioxidant peptides derived from A. japonicus is needed. Therefore, in this study, meat and roe of A. japonicas were used as natural materials for the preparation of antioxidant peptides using enzymatic hydrolysis. Optimal hydrolysis conditions were established using the radical scavenging activities of both hydrolysates. Based on the results of this study, we aim to provide fundamental data for the production of antioxidant peptides derived from sandfish protein hydrolysates.
Materials and methods Materials
Sandfish (A. japonicus, 95.0 ± 5.0 g in weight and 20.0 ± 2.2 cm in length) was procured from a wholesale market located in Daegu, Republic of Korea. It was transported with ice to the Department of Food and Nutrition (Yeungnam University) and separated into meat and roe, which were ground using a mixer (M-1211; Starion, Busan, South Korea) and stored under ultrarapid freezing (MDF-435; Sanyo, Tokyo, Japan). Isopropyl alcohol (IPA), 1,1-diphenyl-2-picrylhydrazyl (DPPH), dimethyl casein, and tyrosine were obtained from SigmaAldrich (St. Louis, MO, USA). Five hydrolytic enzymes (Alcalase 2.4 L, Collupulin MG, Flavourzyme 500 MG, Neutrase 0.8 L, and Protamex) were purchased from Novo Nordisk Co. (Bagsvaerd, Denmark). The specifications, protease activities, and optimum pH and temperature values of these enzymes are presented in Table 1 . The protease activity of each hydrolytic enzyme was measured using casein as a substrate according to the method of Senphan and Benjakul [10] . One unit of activity is defined as the amount of enzyme that liberates 1 lmol of tyrosine from 0.1% casein substrate solution per min under optimum conditions.
Protein hydrolysis
Before hydrolysis, the meat and roe were defatted to promote extraction through the breakage of chemical bonds in the lipid-protein complexes. Briefly, the ground meat and roe were separately mixed with IPA (1:4, w/v) for 50 min at ambient temperature. Subsequently, the mixture was centrifuged at 7009g for 30 min, the supernatant was discarded, and the precipitate was accumulated and lyophilized. Defatted meat (DM) and defatted roe (DR) were stored at -40°C.
All hydrolyses were performed in a shaking incubator (KMC-8480SF, Vision Scientific Co., Daejeon, Korea) to control the temperature and in a triangle flask (500 mL) to control the pH throughout the hydrolysis. Samples were hydrolyzed according to the method of Souissi et al. [11] . DM and DR were mixed separately with distilled water at a ratio of 1:10 (w/v) and then boiled at 90°C for 20 min to deactivate endogenous enzymes. The pH and temperature of each mixture were adjusted to within the optimum pH and temperature range for each enzyme (Table 1) . Briefly, pH was adjusted to 7.0 with 1 N HCl or 1 N NaOH, and each enzyme (Alcalase 2.4 L, Collupulin MG, Flavourzyme 500 MG, Neutrase 0.8 L, and Protamex) was added to the reaction mixture to give an enzyme/substrate ratio of 1:50 (w/w). The mixture was agitated at 140 rpm in a shaking incubator at 55°C for 1 h and boiled at 90°C for 20 min to deactivate enzyme. The DM or DR hydrolysate was centrifuged at 16009g for 30 min to separate the hydrolysate from the unhydrolyzed fraction. The hydrolyzed supernatant was collected and lyophilized in a freeze dryer (FD-1, Eyela, Tokyo, Japan) and stored at -40°C for future analysis. 
Measurement of antioxidant activity
The 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical scavenging activity method is one of the most convenient and widely used methods for evaluating antioxidant activity. It is very rapid and simple compared with other methods for measuring hydroxyl, superoxide, and 2,2 0 -azino-bis (3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) radical scavenging activities [12, 13] . In addition, screening of peptides using the DPPH method has been demonstrated to be effective in identifying those that may possess antioxidant activity [4, 6, 7] .
The antioxidant activity of enzymatic hydrolysates was measured using the DPPH radical scavenging activity method described by Jang et al. [5] . Briefly, 1 mL of the sample was mixed with 0.5 mL of 0.2 mM DPPH radical solution. The mixture was then spun using a vortex (Vortex-Genie2, Scientific Industries, Inc., Bohemia, NY, USA) for 5 s and reacted at 37°C for 30 min. Absorbance was then measured at 517 nm using a spectrophotometer (U-2900; Hitachi, Tokyo, Japan). The scavenging activity was calculated as follows: [1 -(A sample /A control )] 9 100, where A control is the absorbance of the control (without sample) at 517 nm and A sample is the absorbance of the hydrolysate at 517 nm.
Determination of optimal hydrolysis conditions pH and temperature
The samples were hydrolyzed separately at different pH values (5.0, 6.0, 7.0, 8.0, and 9.0) and temperatures (30, 40, 50, 60, and 70°C) for 1 h. Enzyme was added to the reaction to give an enzyme/substrate ratio of 1:50 (w/w). The reactant was centrifuged at 16009g for 30 min, and the DPPH radical scavenging activity of the hydrolyzed supernatant was measured.
Enzyme concentration
The optimal enzyme concentration was determined at the optimal pH and temperature, which were determined prior to the test. The samples were hydrolyzed with different enzyme amounts (Alcalase: 0.12, 0.24, 0.36, 0.48, and 0.60 unit; Collupulin MG: 0.23, 0.46, 0.69, 0.92, and 1.15 unit) corresponding to 1, 2, 3, 4, and 5% of enzyme concentration for 1 h. The mixture was centrifuged at 16009g for 30 min, and the DPPH radical scavenging activity of the hydrolyzed supernatant was measured.
Hydrolysis time
The optimal hydrolysis time was measured at the optimal pH and temperature and with the optimal enzyme concentration. Samples were hydrolyzed at 1, 2, 3, 4 and 5 h time points. Each mixture was centrifuged at 16009g for 30 min, and the DPPH radical scavenging activity of the hydrolyzed supernatant was measured.
Statistical analysis
All results of the present study are given as the mean and standard deviation (mean ± SD) of three or more iterations. The collected sample data were assayed using analysis of variance (ANOVA), and Duncan's multiple range test was used to identify significant differences (p \ 0.05). All statistical analyses were performed using the SPSS 21.0 software (SPSS Inc., Chicago, IL, USA).
Results and discussion

Effect of enzymes
To determine the best enzyme for antioxidant peptide production, the samples were hydrolyzed using five different enzymes (Alcalase 2.4 L, Collupulin MG, Flavourzyme 500 MG, Neutrase 0.8 L, and Protamex). The DPPH radical scavenging activities of the five hydrolysates were evaluated, and the results are shown in Fig. 1 . Meat hydrolysate (MH) showed a higher DPPH radical scavenging activity compared with unhydrolyzed meat (M) at concentrations of 500, 1000, 1500, and 2000 lg/mL. However, the DPPH radical scavenging activity of MH obtained using Neutrase 0.8 L (MHN) and Protamex (MHP) was slightly lower than that of M at a concentration of 2500 and 3000 lg/mL. Although the DPPH radical scavenging activity of MH obtained using Collupulin MG (MHC) stopped increasing above a concentration of 1500 lg/mL, most MH was capable of scavenging DPPH radicals in a dose-dependent manner. In particular, the DPPH radical scavenging activity of MH obtained using Alcalase 2.4 L (MHA) was the highest among the hydrolysates, i.e., 39.76, 48.97, 53.14, 57.40, and 57.40% at concentrations of 1000, 1500, 2000, 2500, and 3000 lg/ mL, respectively. All roe hydrolysates (RH) except the RH obtained using Protamex (RHP) showed higher DPPH radical scavenging activities compared with unhydrolyzed roe (R). The DPPH radical scavenging activity of the RH obtained using Collupulin MG (RHC) was the highest among the samples. Therefore, the MH and RH of A. japonicus were prepared using Alcalase 2.4 L and Collupulin MG, respectively, for antioxidant peptide production.
Alcalase 2.4 L is an endopeptidase produced from a select strain of Bacillus licheniformis. The serine protease, subtilisin A, is its main enzymatic component, and the specific activity is 2.4 unit per gram. The optimum condition of hydrolysis has a very wide range of temperature (55-70°C) and pH (6.5-9.5); thus, it has been observed to be most effective in fish protein hydrolysis and antioxidant peptide production from shrimp [14] , herring [15] , Pacific whiting [16] , and sardinella [11] . However, the optimal conditions can be different depending on the type of substrates. Collupulin MG (or papain) is an extract of papaya that possesses proteolytic activity. It is a type of microgranule capable of breaking the peptide bonds in basic amino acids, such as leucine and glycine [17] . In addition, Collupulin MG is widely used in the food industry because of its excellent water solubility. Ren et al. [18] showed that grass carp protein hydrolysate obtained using papain has higher antioxidant activity compared with the hydrolysate obtained using Alcalase. In addition, Je et al. [19] demonstrated that the hydrolysate of tuna backbone prepared via papain digestion exhibits higher DPPH radical scavenging activity compared with the hydrolysate obtained using Alcalase, a-chymotrypsin, Neutrase, pepsin, or trypsin. These results suggest that enzyme type is an important factor in determining the antioxidant activity of crude hydrolysate. This is because the amino acid composition of hydrolysates produced via proteolysis depends on the specific enzyme used.
Effect of pH value
To determine the optimal pH for preparing MHA and RHC with the strongest radical scavenging activity, the samples were hydrolyzed at various pHs and the radical scavenging activity of each hydrolysate was measured [ Fig. 2(A) ]. The highest radical scavenging activity of MHA was 23.31% at pH 6.0, and the strongest radical scavenging activity of RHC was 80.72% at pH 9.0. Therefore, MHA and RHC were prepared by adjusting the pH to 6.0 and 9.0, respectively. Guerard et al. [20] demonstrated that pH significantly affects radical scavenging activity during the hydrolysis of shrimp processing discards. In addition, Zhuang et al. [21] reported that pH significant affects radical scavenging activity in the hydrolysate obtained from jellyfish umbrella collagen. Similarly, the present study confirmed that DPPH radical scavenging activities significantly differ in response to changes in pH. However, any correlation found between radical scavenging activity and pH was irregular.
Effect of temperature
Appropriate temperature promotes hydrolysis by increasing the enzymatic activity, the degree of hydrolysis (DH), and, in turn, the hydrolysis yield. However, proteins or peptides are denatured because of many physical factors, such as heat, cold, desiccation, mechanical agitation, and pH. In particular, denaturation via heating leads to disruption of the native peptide structure and loss of its biological activity [22, 23] . Accordingly, we obtained hydrolysate with the highest radical scavenging activity by determining the antioxidant activity of hydrolysate in response to M unhydrolyzed meat; MHA meat hydrolysate obtained using Alcalase 2.4 L, MHC meat hydrolysate obtained using Collupulin MG, MHF meat hydrolysate obtained using Flavourzyme 500 MG, MHN meat hydrolysate obtained using Neutrase 0.8 L, MHP meat hydrolysate obtained using Protamex. R unhydrolyzed roe, RHA roe hydrolysate obtained using Alcalase 2.4 L, RHC roe hydrolysate obtained using Collupulin MG, RHF roe hydrolysate obtained using Flavourzyme 500 MG, RHN roe hydrolysate obtained using Neutrase 0.8 L, RHP roe hydrolysate obtained using Protamex. The results are expressed as mean ± SD of triplicates temperature. The strongest radical scavenging activity of 39.22 and 78.03% were observed in MHA hydrolyzed at 70°C and RHC hydrolyzed at 60°C, respectively [ Fig. 2(B) ]. Consequently, MHA and RHC were prepared via hydrolysis at temperatures of 70 and 60°C, respectively.
Effect of enzyme concentration
To determine the optimal enzyme concentration for producing MHA and RHC with the strongest DPPH radical scavenging activity, the samples were hydrolyzed by adding various enzyme concentrations and the scavenging activity of each hydrolysate was measured [ Fig. 2(C) ]. For MHA, the highest radical scavenging activity of 49.88% occurred when the hydrolysate was prepared with a 5% enzyme concentration. This was not significantly different from the hydrolysate prepared with an enzyme concentration of 3% (p [ 0.05); however, it was remarkably different from the hydrolysates obtained using enzyme concentrations of 1, 2, and 4%. For RHC, the peak radical scavenging ability of 80.53% was achieved when the hydrolysate was prepared with a 5% enzyme concentration. Therefore, both MHA and RHC were prepared using a 5% enzyme concentration. These results were consistent with those of a previous study in which the antioxidant activity markedly changed depending on the hydrolytic conditions, e.g., the substrate-enzyme ratio [24] .
Effect of hydrolysis time
To determine the optimal hydrolysis time for producing MHA and RHC with the highest DPPH radical scavenging activity, the samples were hydrolyzed for different lengths of time and the radical scavenging activity of each hydrolysate was measured [ Fig. 2(D) ]. The radical scavenging activity of MHA increased with time until the 3 h time point, after which it began to decline. The strongest radical scavenging activity of 60.04% was observed in the hydrolysate collected at the 3 h time point. For RHC, the highest radical scavenging ability of 79.65% was observed in the hydrolysate collected at the 1 h time point. The DPPH radical scavenging activity for RHC decreased with time; however, a slight increase in activity was observed after 5 h. Therefore, MHA and RHC were hydrolyzed for 3 and 1 h, respectively. Kong and Xiong [25] indicated that the radical scavenging activity of zein protein hydrolysate was impervious to hydrolysis time. However, Dong et al. [26] and Peng et al. [27] demonstrated that the antioxidant activity of silver carp and whey protein hydrolysate increased in response to hydrolysis time, respectively. Wu et al. [28] also reported that the DPPH radical scavenging activity of mackerel hydrolysate increased in response to longer hydrolysis times. Similarly, the results of the present study indicate that the radical scavenging activity is dependent on hydrolysis time and type of substrate. Furthermore, the results of the present study determined the optimal hydrolysis conditions for the preparation of hydrolysate derived from A. japonicus meat and roe ( Table 2 ). The antioxidant activity of MHA was the strongest when it was prepared using a pH of 6.0, a hydrolysis temperature of 70°C, an enzyme concentration of 5%, and a hydrolysis time of 3 h. The antioxidant activity of RHC was the strongest when it was prepared using a pH of 9.0, a hydrolysis temperature of 60°C, an enzyme concentration of 5%, and a hydrolysis time of 1 h. Under the optimal hydrolysis conditions, the DPPH radical scavenging activities of MHA and RHC were 60.04 and 79.65%, respectively, which were higher than those of the hydrolysates obtained under control conditions. These results provide fundamental data for the production of hydrolysates with high radical scavenging activity and of antioxidant peptides from sandfish protein hydrolysates. 
